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Utilizing  soft-lithography  based  nanofluidics  and  silicon  nanophotonics  we demonstrate  ultra-
compact tunable spectral filtering.  Liquid based addressing and high refractive index modulation
of a single row of holes within a planar photonic crystal is demonstrated.
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Nanofluidics  provides  a  solution  that  enables  localized  control  and  high  refractive  index  modulation.   We
demonstrate the integration of multi-layer soft-lithography [1] nanofluidics with silicon nanophotonics and use it to
address  and  tune  features within  a  planar  photonic  crystals  [2].   We introduce  pre-engineered  defects  into an
otherwise regular lattice to create a spectrally selective waveguide.  This is the first step in the developmental goal
of two dimensional reconfigurable photonic circuits.
Figure  1  outlines  our  approach  which  follows  a  three  level  architecture:  the  nanophotonic  level,  the
nanofluidic delivery level (which delivers liquids directly into the photonic structure) and the microfluidics control
engine (which performs all fluidic manipulations).  The photonic level consists of an array of 30 identical photonic
crystal  structures  defined  through  electron  beam  lithography  and  dry  etching  in  a  silicon-on-insulator,  SOI,
substrate with a triangular lattice of holes (a = 434 nm, r = 140 nm, h = 207 nm).  We defined the pattern in a
negative flowable oxide resist which is left on after processing to enhance bonding with the fluidic layer [3].  Ridge
waveguides extend from the crystal to the edge of the chip for optical coupling.  In the experiments presented here
we increase the radius of the holes within the central row of the photonic crystal (which is to be targeted fluidically)
to 203 nm in order to introduce a reduced index guided mode into the photonic crystal band gap. 
Liquids selected for dynamic modulation of the refractive index within the photonic structure must exhibit
relatively low viscosity and high ∆nliquids/nsubstrate.  We selected DI (deionized) water (n=1.33) and aqueous 5 M CaCl2,
(n = 1.44) [4].  Figure 2a shows the normalized quasi-TE mode transmission through the photonic crystal for both
using a tunable infrared laser source the output which was coupled into the ridge waveguide using a tapered fiber
lens.  The output coupled back into a second tapered lens fiber and recorded on an optical power meter.  The data
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Fig. 1: Nanofluidically tunable photonic structures.  (a) Exploded view of optofluidic assembly showing photonic layer on bottom, fluidic
layer in the middle and control layer on top.  (b) Overview of device operation.  The microfluidic control engine mixes and dispenses
liquid plugs to the nanofluidic array.   The nanofluidic  structure  serves to deliver liquids directly  into a targeted row of holes  in the
photonic crystal enabling localized [at sub-wavelength scales], high  ∆n/n refractive index tuning.  The optical response is changed by
replacing the 5M CaCl2 solution within H2O and vice versa.
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presented has been smoothed to remove higher frequency Fabry-Perot resonances.  The results show a shift in the
peak transmission of the guided mode from a/λ = 0.291 to a/λ = 0.289 (λ=1491 nm and 1502 nm respectively.)  The
higher index solution serves to decrease the effective optical radius of the holes and shifts the guided mode towards
the dielectric band of the regular crystal.  The high  ∆n/n afforded by nanofluidic modulation demonstrated here
enables consistently high contrast over a relatively wide range of wavelengths.
Dynamic modulation of the transmitted power is demonstrated in Fig. 2b at a/λ = 0.291 by fluidically
switching  between the DI water  and CaCl2 solutions.   The switching time is  roughly on the second timescale.
Simple laminar flow analysis shows that minimum pressure driven transport switching time, scales roughly with ∆P
L
2
/Dh
2
 (where ∆P, L and Dh are the applied pressure, channel length and hydraulic diameter respectively).  While L
could be reduced,  potentially bringing the switching time down into the millisecond range,  Dh represents the a
fundamental  limitation  on  the  speed  as  the  geometry  is  fixed  by  the  lattice  constant  of  the  photonic  crystal.
Electrokinetic transport exhibits a more favorable scaling ratio independent of Dh, ts α ∆V L
2 
which could result in
lower switching times, however, the low electroosmotic mobility of the CaCl2 solution made such an approach less
attractive.  The diffusive transport  timescale into the nanowells (td α d2/D where d is well depth and D is the
diffusion coefficient) is on the order of 10-6 s.  The reproducible peaks in output power shown in Fig. 2b are a result
of  irregular  bumps  in  the  transmission  spectrum  of  the  photonic  crystal  as  they  pass  through  the  switching
wavelength.
The integration of nanofluidics with nanophotonics presents a new approach for dynamic manipulation of
optical  properties  at  sub-wavelength  length  scales.   Extensions  of  this  technique  could  be  used  create  fully
reconfigurable photonic devices through arbitrary redefinition of fluidically defined defects (i.e. passive structures
could be activated or defined fluidically when required and then removed later in favor of alternative functionality).
Other potential functionalities include delivery of optical gain media, non-linear liquids, or colloidal particles into
arbitrary regions of these structures.   Such integration could also enable a new class of resonant cavity sensors
incorporating targeted delivery of single or few molecules.
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Fig. 2: TE-like transmission through photonic crystal with aligned nanochannel.  (a) Shift in transmitted power spectrum when aligned
nanochannel filled with H2O (n = 1.33) and 5M CaCl2 (n = 1.44) (b) Dynamic switching at a/λ = 0.291.
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